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Background: As the number of cancer survivors increases, their health and welfare have come into focus. Thus, long-term medical 
consequences of cancer at a young age (<25 years), obtained from social security benefit records, were studied. 

Methods: Standardised incidence ratios (SIRs) of long-term medical consequences for 5-year cancer survivors, born during 
1965-1985, were explored by linking population-based registries in Norway. 

Results: Among the 5-year cancer survivors (4031 individuals), 29.7% received social security benefits. The survivors had an overall 
4.4 times (95% confidence interval (95% CI): 4.1-4.6) higher risk of social security benefit uptake than the cancer-free population. 
Survivors of malignancies of bone and connective tissues (SIR: 10.8; 95% CI: 9.1-12.9), CNS tumours (SIR: 7.7; 95% CI: 6.9-8.6) and 
malignancies of the haematopoietic system (SIR: 6.1; 95% CI: 5.3-7.0) had the highest risks of social security benefits uptake. The 
most notified causes of social security benefit uptake were diseases of the nervous system, and injury and poisoning. 

Conclusion: The uptake of social security benefits among 5-year cancer survivors increased substantially and it may represent a 
solid outcome measure for the burden of the most severe late effects, especially in countries with comparable social welfare 
systems. 



Owing to the improvement in childhood cancer treatment over the 
past few decades, the mortality of cancer patients has been 
substantially reduced (Ghaderi et a/, 2012) and the overall survival 
rate of children is now about 80% (SEER, 2011). The types of 
cancer affecting young individuals (<25 years) as well as their 
long-term consequences are distinctive and differ from those 
developing at older ages. As the number of cancer survivors 
increases, the long-term consequences of cancer and cancer 



therapy are becoming even more important, and as a result, more 
attention is directed at the follow-up into adulthood. 

Long-term survivors (>5 years survival after diagnosis) of 
cancers at a young age are at increased risk of late morbidity 
compared with the cancer-free population, due to treatment- 
related subsequent neoplasms, effects of specific childhood cancer 
types and treatments or simply the young age at diagnosis 
(Oeffmger et al, 2006; Geenen et al, 2007; Diller et al, 2009; Whelan 
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et al, 2010; Armstrong et al, 2011; Woodward et al, 2011). A study 
on late effects showed that approximately 28% of the long-term 
survivors (excluding survivors of acute myeloid leukaemia (AML)) 
have a severe chronic medical condition compared with, 
approximately, 6% of the siblings and 17% of the AML survivors 
(Mulrooney et al, 2008). Another study showed that 27.5% of the 
cancer survivors have reported a severe or life-threatening 
health condition compared with 5.2% among siblings (Oeffinger 
et al, 2006). 

Cancer survivors increasingly need supportive measures 
provided by the society, indicating the long-term consequences 
of cancer on their health, working ability and financial situation. 
Studies from Norway and Sweden have reported a reduced 
working ability, an increased need for financial support and 
consequently a greater need for uptake of social security benefit of 
various kinds compared with the reference population (Hjern et al, 
2007; Johannesen et al, 2007; Thorsen et al, 2011). 

Previous studies on long-term consequences of cancer are 
mainly based on questionnaires, reviews of published articles or 
retrospective cohort studies (Robison et al, 2002; Shaw et al, 2004; 
Hawkins et al, 2008; Diller et al, 2009; Kuehni et al, 2012). To our 
knowledge, there are only a few population-based cohort studies on 
the uptake of social security benefits among cancer survivors 
(Hjern et al, 2007; Johannesen et al, 2007). The National Insurance 
Scheme (NIS) in Norway provides disability benefits for all 
individuals residing in Norway whose health conditions are of 
sufficient severity to create a serious economic problem 
(The Norwegian Labour and Welfare Administration, 2012). We 
hypothesised that the uptake of social security benefits may be used 
as a surrogate marker of chronic health impairments due to severe 
late effects after cancer. We expected an increasing trend in the 
uptake of social security benefits among long-term survivors of 
cancer in young ages. The aim of this study was, thus, to explore 
the long-term medical consequences of cancer in young ages as 
indicated by later social security benefit uptake by linking 
population-based national registries in Norway. 



MATERIALS AND METHODS 



Data sources 

Cancer Registry of Norway. The Cancer Registry of Norway 
(CRN) has received information on all cancer cases in the 
Norwegian population since 1953. Informations from clinical 
and pathological notifications and death certificates are the main 
reporting sources. These sources provide information about site, 
histological type and stage of disease at the time of diagnosis 
(Cancer in Norway, 2011). Registration of topography was based 
on a modified version of International Classification of Diseases 
(ICD-7) until 1992 (WHO, 2011). Since 1993 and onwards, the 
coding has been based on ICD-O-2. Through 1992, tumour 



morphology was coded according to the Manual of Tumour 
Nomenclature and Coding, and since 1993, ICD-O morphology 
codes have been adopted. Non-solid tumours have been coded 
according to a separate coding system from 1986 (Larsen et al, 
2009). Unfortunately, information on primary or subsequent 
treatment is not available. 

National Insurance Scheme. All residents of Norway are insured 
by the National Insurance Scheme (NIS) regardless of their 
nationality or job status. The only crucial condition for member- 
ship in the NIS is that the enrolee must have been a legal resident 
of Norway for at least 12 months (NIS, 2010). NIS provides 
disability benefits for people with medical health conditions 
deemed sufficiently severe to cause an economic burden, and it 
further includes attendance benefits, basic benefits, disability 
pensions and medical rehabilitation benefits (Table 1). Registration 
of social security benefit records by NIS started in 1992 and 
included both new and existing benefits. 

Persons may receive more than one benefit, and the duration of 
use varies according to need as decided by the medical personnel in 
collaboration with representatives from the NIS. The diagnoses 
associated with the benefits are recorded along with the dates at 
which the benefits were granted (NIS, 2010). These diagnoses are 
based on medical examinations and are classified according to the 
ICD-9 (used by NIS from 1992 to 1998) and ICD-10 (used by NIS 
after 1998). For simplicity, diagnoses are only presented in the 
ICD-10 version in this paper. Data from NIS were registered 
from 1992 and were available to us for the period of 1992-2006 
(2002-2007 for medical rehabilitation benefits). 

Norwegian Central Population Registry. The Norwegian Central 
Population Registry (NCPR) contains demographic information on 
all residents in Norway since 1960, including date of birth, place of 
residence and date of emigration or death (Hammer, 2002). 

Study cohort. All children born alive in Norway during 
1965-1985, approximately 1.2 million individuals (including 
5802 individuals with cancer diagnosed before the age of 25years), 
were defined as our study cohort (625 349 males and 590 709 
females). The individuals were followed up into adulthood, until 
they reached between 24 and 44 years of age at the end of the 
follow-up. Among the cancer patients, 1499 died within 5 years 
after diagnosis (1409 cancer-related deaths), while 294 deaths 
occurred after 5 years (234 cancer-related deaths). In the study 
cohort, all 5 -year cancer survivors were identified and were further 
grouped as children (0-14 years), adolescents (15-19 years) and 
young adults (20-24 years) based on age at diagnosis - a total of 
4031 individuals (Figure 1). 

The cohort was followed from birth until death, emigration or 
as on 31 December 2009 by linking NCPR, CRN and NIS, using 
the unique 11 -digit personal identification number assigned to all 
individuals living in Norway after 1960. 



Table 1. Description oft 


le social security benefits 




Kind of benefit 


Descriptions (Johannesen et a/, 2007; Ministry of Labour, 2011) 


Attendance benefit 


If a disabled person is in need of special attention or there is a need for special supervision; for example, extra nursing or need for 
special care, training, help with getting up/going to bed, eating and personal hygiene. It can be given to all ages. 


Basic benefit 


If a disability involves extra expenses (in cases involving prostheses, support bandages, extra costs of running/operation of technical 
aids, transport, guide dog, etc.). It can be given to all ages. 


Disability pension 


After a period with medical rehabilitation benefits, a disability pension may be given if working capacity is permanently reduced by at 
least 50% owing to illness or injury, provided a person is at least 18 years of age. 


Medical rehabilitation 
benefit 


It is given for up to 1 year (66% of yearly income) if a person is at least 1 8 years of age and the ability to work has been impaired by at 
least 50% owing to an illness or injury. 
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Figure 1. Establishment and follow-up of the cancer cohort. a ln all, 
1409 were cancer-related deaths; b 294 deaths occurred among the 
5-year cancer survivors (234 cancer-related deaths); c only the first 
registered late effect was considered; and d defined as the prevalence 
of any medical condition of certain severity that could qualify for uptake 
of social security benefits among the 5-year survivors. 



Statistical analysis. Diseases extracted from attendance benefits, 
basic benefits, disability pensions and medical rehabilitation 
benefits (considered separately and in combination) were described 
by the standardised incidence ratio (SIR). 

Standardised incidence ratio was used as an indication for risk 
of developing a specific disease among the cancer survivors relative 
to the occurrence of the same disease in the cancer-free population 
(the general population). In this study, the entire cancer-free 
population was used as the comparison group. For the cancer 
survivors, diseases extracted from the four social security benefits 
will be referred to as 'late effects' in this paper, as they have been 
assumed to be the cause for uptake of social security benefits. 
Furthermore, we defined the late effects as prevalence of any 
medical condition of a certain severity that could qualify for uptake 
of social security benefits among the 5 -year survivors. 

The SIR was calculated as the ratio of the observed to the 
expected numbers of benefit-related health problems. The expected 
numbers were the number of person-years in a specific disease 
category (late effects) multiplied by the prevalence of the same 
disease in the cancer-free population of the same age and sex 
during the period of observation. For each SIR, a 95% confidence 
interval (95% CI) was calculated, assuming a Poisson distribution 
of the observed number of cases. 

The number of late effects was observed and the person-years 
among the cancer survivors were calculated in 5 -year age-groups 
(5-9 ... 40-44 years) and 5/10-year calendar periods (1970-1974, 
1975-1984, 1985-1994, 1995-2004 and 2005-2009) for each sex. 
For the cancer survivors, the time at risk for a late effect began at 
5 years after the primary diagnosis and ended at death, emigration 
or as on 31 December 2009. For all late-effect diagnoses, rates were 
only calculated for the years 1992-2006 (2002-2007 for medical 
rehabilitation benefits). 

Late effects were divided into the following diagnostic groups 
(ICD-10): 

• Infectious and parasitic diseases (A00-B99). 

• Neoplasms (C00-D48). 

• Endocrine, nutritional and metabolic diseases, and immunity 
disorders (E00-E90). 

• Diseases of the blood and blood-forming organs (D50-D89). 

• Mental disorders (F00-F99). 

• Diseases of the nervous system (G00-G99). 

• Diseases of the sense organs (H00-H95). 

• Diseases of the circulatory system (100-199). 



• Diseases of the respiratory system ((J00-J99). 

• Diseases of the digestive system (K00-K93). 

• Diseases of the genitourinary system (N00-N99). 

• Complications of pregnancy, childbirth and the puerperium 
(000-099). 

• Diseases of the skin and subcutaneous tissue (L00-L99). 

• Diseases of the musculoskeletal system and connective tissue 
(M00-M99). 

• Certain conditions originating in the perinatal period (P00-P96). 

• Symptoms, signs and ill-defined conditions (R00-R99). 

• Injury and poisoning (S00-T99, V-Z). 

Diseases amounting to fewer than 10 cases in all of the social 
security benefit groups (attendance benefit, basic benefit, disability 
pension and medical rehabilitation benefit) were grouped and 
presented as 'others'. All individuals with benefits associated with 
conditions present at birth/early life were excluded from the 
study population; these included congenital anomalies (ICD-10: 
Q00-Q99) and cerebral palsy (ICD-10: G80). 

When the characteristics of the 5 -year cancer survivors were 
described with regard to diagnoses extracted from social security 
benefits in general, only the first registered diagnosis was 
considered (Table 2). Among the cancer survivors, 366 survivors 
received two kinds, 132 survivors received three kinds and 
5 survivors received four kinds of social security benefits (data 
not shown). When late effects within each social security benefit 
category were described, the first registered late effect of each 
diagnosis was considered (Table 3). 

Ethics. The study was approved by the Regional Committee for 
Medical Research Ethics of Western Norway. 



RESULTS 



A total of 5802 individuals were diagnosed with cancer before the 
age of 25 years, of which 4031 individuals (2232 males and 1799 
females) became 5 -year cancer survivors. Survivors were followed 
for an average of 13.2 years beginning 5 years after diagnosis (range 
0-39.3 years). The corresponding average follow-up time for the 
cancer-free population was 34.2 years (range 0-45 years). 

Cancer survivors. Diagnoses were extracted from the NIS in 
Norway (Figure 1). Considering all social security benefits combined, 
cancer survivors had a higher risk of social security benefit uptake 
than the cancer-free population (SIR: 4.4; 95% CI: 4.1-4.6); higher 
risks were observed for male survivors (SIR: 4.7; 95% CI: 4.4-5.1). 
The risk increased both by year of birth and primary cancer 
diagnosis. Younger age at primary cancer diagnosis increased the risk 
of uptake of social security benefits. Survivors of malignancies of 
bone and connective tissues (SIR: 10.8; 95% CI: 9.1-12.9), CNS 
tumours (SIR: 7.7; 95% CI: 7.9-8.6) and malignancies of the 
haematopoietic system (SIR: 6.1; 95% CI: 5.3-7.0) had the highest 
risks for social security benefit uptake (Table 2). 

Social security benefits. A total of 29.7% of the survivors were 
recipients of social security benefits compared with 10.8% of the 
cancer-free population. Among survivors, 9.1% received atten- 
dance benefits, which are financial compensations for the use of 
services (e.g. nursing or home health care). Attendance benefit is 
perhaps an indication of both the severity of the burden of illness 
and disability, as well as the economic impact on the survivors. The 
corresponding percentage among the cancer-free population was 
1.1%. The uptake of basic benefits granted if a person incurs 
substantial expenses as a result of health problems was 11.0% 
among the survivors compared with 2.2% in the cancer- free 
population. Overall, 8.4% of the survivors were disability pension 
recipients, indicating a permanent reduction in working capacity 
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Table 2. Characteristics of the cancer survivors and SIR for diagnoses 3 














Medical 








Attendance 




Disability 


rehabilitation 








benefits 


Basic benefits 


pension 


benefits 


All combined 13 




No. of 5-year 


Obs./SIR 


Obs./SIR 


Obs./SIR 


Obs./SIR 


Obs./SIR 




survivors (%) 


(95% CI) 


(95% CI) 


(95% CI) 


(95% CI) 


(95% CI) 


Gender 


Male 


2232 (55.4) 


202/15.7 (13.4-17.6) 


233/9.9 (8.7-11.2) 


161/5.2 (4.5-6.1) 


198/1.4 (1.2-1.6) 


607/4.7 (4.4-5.1) 


Female 


1799 (44.6) 


163/21.7 (18.7-25.4) 


209/8.9 (7.7-10.2) 


178/5.7 (5.1-6.3) 


207/1 .2 (1 .0-1 .4) 


592/4.1 (3.8-4.5) 


Year of birth 


1965-1969 


977 (24.2) 


43/11.6 (8.4-15.6) 


95/4.9 (4.0-6.0) 


122/3.9 (3.3-4.7) 


108/0.9 (0.7-1.1) 


265/2.0 (1.7-2.2) 


1970-1974 


1038 (25.8) 


54/15.6 (11.7-20.4) 


105/8.9 (7.3-10.8) 


111/6.3 (5.1-7.5) 


116/1.1 (0.9-1.4) 


256/3.3 (2.9-3.7) 


1975-1979 


1027 (25.5) 


105/18.5 (15.3-22.4) 


115/12.9 (10.8-15.5) 


75/9.7 (7.5-12.0) 


103/1.6 (1.3-2.0) 


297/7.2 (6.5-8.1) 


1980-1985 


989 (24.5) 


163/24.1 (20.7-28.1) 


127/16.5 (13.8-19.6) 


31/7.7 (5.2-11.0) 


78/2.5 (2.0-3.1) 


381/18.7 (16.9-20.6) 


Age at primary cancer diagnosis 


0-14 


1470 (36.5) 


301/18.3 (16.4-20.5) 


281/9.7 (8.5-10.7) 


167/5.9 (4.6-7.3) 


135/1.1 (0.9-1.3) 


573/5.4 (4.9-5.8) 


15-19 


1019 (25.3) 


34/17.9 (12.4-25.0) 


82/8.9 (7.1-11.1) 


70/4.5 (3.5-5.7) 


111/1.4 (1.2-1.7) 


264/3.9 (3.5-4.4) 


20-24 


1542 (38.3) 


30/24.2 (23.2-33.1) 


79/9.3 (7.3-11.5) 


102/5.2 (4.3-6.3) 


159/1.4 (1.2-1.6) 


362/3.6 (3.3-4.0) 


Calendar year of primary cancer diagnosis 


1965-1974 


185 (4.6) 


10/8.8 (4.2-16.2) 


25/5.3 (3.4-7.8) 


27/4.4 (2.9-6.4) 


20/0.9 (0.6-1 .5) 


51/2.0 (1.5-2.7) 


1975-1984 


753 (18.7) 


91/9.2 (7.4-11.3) 


107/5.5 (4.5-6.6) 


95/5.5 (4.4-6.7) 


67/0.9 (0.7-1.1) 


214/2.8 (2.4-3.2) 


1985-1994 


1681 (41.7) 


224/27.6 (24.2-31.4) 


241/11.4 (10.1-13.0) 


178/5.6 (4.8-6.4) 


175/1.0 (0.9-1.2) 


588/4.2 (3.9-4.6) 


1995-1904 


1412 (35.0) 


40/87.5 (62.5-119.2) 


69/34.5 (26.8-43.7) 


39/7.7 (5.5-10.5) 


144/2.7 (2.3-3.2) 


346/10.2 (9.2-11.3) 


Primary cancer site (ICD-7 codes) 


Kidney (180.0) 


108 (2.7) 


13/9.0 (4.8-15.5) 


9/3.5 (1.6-6.7) 


5/2.2 (0.7-5.2) 


7/0.7 (0.3-1 .4) 


22/2.0 (1.3-3.1) 


Eye (192) 


90 (2.2) 


24/18.5 (11.9-27.6) 


18/8.4 (5.0-13.2) 


7/3.9 (1.6-8.0) 


11/1.4 (0.7-2.5) 


38/5.2 (3.6-7.0) 


Brain/nervous system (193) 


733 (18.2) 


130/28.3 (23.8-33.6) 


134/13.4 (11.3-15.9) 


150/15.2 (12.9-17.8) 


90/1.7 (1.3-2.1) 


311/7.7 (6.9-8.6) 


Thyroid gland and other 


295 (7.3) 


20/20.3 (12.4-31.4) 


28/9.6 (6.4-13.8) 


31/7.2 (4.9-10.3) 


38/1.7 (1.2-2.3) 


87/4.4 (3.5-5.4) 


endocrine glands (194-195) 














Bone and connective tissue 


226 (5.6) 


40/38.5 (27.5-52.4) 


81/29.0 (23.0-36.1) 


18/5.0 (3.0-7.9) 


34/1.9 (1.3-2.7) 


122/10.8 (9.1-12.9) 


(196-197) 














Lymphatic system (206) 


581 (14.4) 


20/13.1 (8.1-20.3) 


35/6.7 (4.6-9.3) 


32/3.8 (2.6-5.3) 


67/1.5 (1.1-1.9) 


177/4.6 (4.0-5.9) 


Haematopoietic system (207) 


519 (12.9) 


89/16.3 (13.1-20.3) 


81/8.8 (7.0-10.9) 


33/4.2 (2.9-5.8) 


43/1.1 (0.8-1.4) 


206/6.1 (5.3-7.0) 


Cervix uteri (171) 


50 (1 .2) 


0/0 (0-58.5) 


1/2.4 (0.1-13.3) 


4/4.2 (1.2-10.8) 


12/2.4 (1.3-4.3) 


17/3.7 (2.2-6.0) 


Ovary (175) 


82 (2.0) 


2/9.4 (1.1-34.1) 


4/4.6 (1 .3-1 1 .8) 


5/3.4 (1.1-7.9) 


6/0.9 (0.3-1 .9) 


17/2.5 (1.4-3.9) 


Testis (178) 


622 (15.4) 


11/10.1 (5.0-18.0) 


21/4.8 (2.8-7.0) 


25/3.0 (1.8-3.4) 


44/0.9 (0.7-1 .2) 


91/2.1 (1.7-2.6) 


Melanoma (190) 


427 (10.6) 


3/4.0 (0.8-1 1 .7) 


7/1 .9 (0.8-4.0) 


12/1.7 (0.9-2.9) 


33/0.9 (0.6-1 .2) 


49/1 .3 (1 .0-1 .8) 


Other 


298 (7.4) 


13/11.1 (5.3-17.9) 


23/7.5 (4.5-10.9) 


17/3.9 (2.1-6.0) 


20/0.8 (0.5-1 .3) 


62/2.9 (2.2-3.7) 


Total 


4031 (100.0) 


365/17.9 (16.3-20.0) 


442/9.3 (8.5-10.3) 


339/5.6 (5.0-6.2) 


405/1.3 (1.1-1.4) 


1199/4.4 (4.1-4.6) 


Abbreviations: CI = confidence interval; ICD-7 = International Classification of Diseases-7; obs. = observed; SIR = 


= standardised incidence ratio. 




a Obtained from social security benefits available from 1992 to 2006 (2002-2007 for m 


sdical rehabilitation benefits). 






b Here any survivor who received a social security benefit was included. Survivors with 


more than one social security benefit uptake were 


counted only once. 





by at least 50% compared with 2.2% in the cancer-free population. 
The uptake of medical rehabilitation benefits was 10.1% among 
the survivors compared with 7.5% in the cancer-free population 
(data not shown). 

Attendance benefits. A total of 365 diagnoses (among the cancer 
survivors) were extracted from attendance benefits (55.3% males), 
where the overall SIR was 17.9 times higher than expected (95% CI: 
16.3-20.0). The risk increased by year of birth and primary cancer 
diagnosis. Survivors diagnosed during young adult age (20-24 
years) had the highest risk of late effects. Survivors of malignancies 
of bone and connective tissues (SIR: 38.5; 95% CI: 27.5-52.4) and 
CNS tumours (SIR: 28.3; 95% CI: 23.8-33.6) had the highest risks 
for late effects and consequently the uptake of attendance benefits 
(Table 2). 



Survivors had 26.0 (95% CI: 17.3-37.6) and 7.4 (95% CI: 
3.5-13.6) times higher risks of attendance benefits uptake due to 
injury and poisoning, and diseases of the sense organs, respectively, 
compared with the cancer-free population (Table 3). 

Basic benefits. A total of 442 diagnoses (among the 
cancer survivors) were obtained from basic benefits (54.5% males), 
where the overall SIR was 9.3 times higher than expected 
(95% CI: 8.5-10.3), and with higher risk among male survivors 
(SIR: 9.9; 95% CI: 8.7-11.2). The risk of late effects increased by 
year of birth and primary cancer diagnosis. Survivors of 
malignancies of bone and connective tissues (SIR: 29.0; 95% CI. 
23.0-36.1) and CNS tumours (SIR: 13.4; 95% CI: 11.3-15.9) had 
the highest risks of late effects and consequently basic benefit 
uptake (Table 2). 



1528 



www.bjcancer.com | DOI:1 0.1 038/bjc.201 3.107 



Social security benefit uptake in cancer survivors 



BRITISH JOURNAL OF CANCER 



Table 3. SIRs of receiving social security bene 
survivors 


Pits available from 1992 to 2006 (2002-2007 for medical rehabilitation benefits) among 5-year cancer 






Attendance benefits 
Obs./SIR (95% CI) 


Basic benefits 
Obs./SIR (95% CI) 


Disability pension 
Obs./SIR (95% CI) 


Medical rehabilitation benefits 
Obs./SIR (95% CI) 


Neoplasm 


Men 

Women 

Total 


160/3130.5 (2681.2-3655.2) 
120/3573.0 (2987.7-4273.1) 
280/3328.3 (2960.7-3742.3) 


152/2429.6 (2072.7-2848.5) 
123/1954.4 (1637.8-2332.2) 
275/2176.4 (1933.8-2449.5) 


93/1306.4 (1054.4-1600.5) 
99/1640.3 (1333.4-1997.0) 
192/1460.0 (1267.4-1681.8) 


11/10.2 (5.1-18.2) 
10/5.7 (2.7-10.5) 
21/7.3 (4.5-11.1) 


Infectious and parasitic disease 


Men 

Women 

Total 




1/22.8 (0.6-127.3) 

0/0 (0-64.4) 
1/10.4 (0.3-58.0) 




17/2.6 (1.5-4.2) 
27/3.2 (2.3-4.8) 
44/3.1 (2.2-4.1) 


Endocrine, nutritional and metabolic disease and immunity disorder 


Men 

Women 

Total 


6/4.5 (1 .6-9.8) 
2/2.1 (0.3-7.7) 
8/3.5 (1.5-7.0) 


8/2.3 (1 .0-4.6) 
5/1 .9 (0.6-4.4) 
13/2.1 (1.0-3.5) 


5/8.5 (2.8-19.8) 
9/12.6 (5.7-23.9) 
14/10.6 (5.8-17.8) 


1/4.0 (0.1-22.4) 
1/2.3 (0-8.5) 


Mental disorders 


Men 

Women 

Total 


10/1.7 (0.8-3.2) 
6/2.0 (0.8-4.5) 
16/1.9 (1.1-3.1) 


7/1.5 (0.6-3.1) 
11/3.2 (1.6-5.7) 
18/2.2 (1.3-3.5) 


36/1.6 (1.1-2.2) 
30/1.8 (1.2-2.6) 
66/1.7 (1.3-2.2) 


12/0.7 (0.4-1.2) 
8/0.5 (0.2-1 .0) 
20/0.6 (0.4-0.9) 


Disease of the nervous system 


Men 

Women 

Total 


9/3.2 (1.5-6.2) 
8/5.7 (2.4-11.2) 
17/4.2 (2.4-6.7) 


12/4.5 (2.3-7.9) 
10/4.8 (2.3-8.8) 
22/4.7 (2.9-7.1) 


14/5.5 (3.0-9.2) 
14/4.4 (2.4-7.3) 
28/4.8 (3.2-7.0) 


2/3.6 (0.4-13.1) 
1/1.3 (0-7.3) 
3/2.3 (0.5-6.6) 


Disease of the sense organs 


Men 

Women 

Total 


3/3.9 (0.8-11.4) 
7/1 1 .9 (4.8-24.5) 
10/7.4 (3.5-13.6) 


7/5.7 (2.3-11.8) 
15/13.6 (7.6-22.4) 
22/9.5 (5.9-14.3) 


2/5.1 (0.6-18.4) 
1/2.1 (0.1-11.8) 
3/3.4 (0.7-10.0) 


1/1 .4 (0-5.0) 
2/1 .7 (0.2-6.2) 
3/1.6 (0.1-4.5) 


Disease of the digestive system 


Men 

Women 

Total 




5/2.0 (0.7-4.7) 
8/2.1 (1.0-4.0) 
14/2.0 (1.1-3.4) 


3/5.0 (1.0-14.5) 
3/3.4 (0.7-9.9) 


9/3.8 (1.7-7.1) 
3/1.2 (0.2-3.5) 
12/2.4 (1.3-4.3) 


Disease of the genitourinary system 


Men 

Women 

Total 




1/18.6 (0.5-103.6) 

1/9.8 (0.2-54.7) 
2/12.6 (0.2-35.1) 


1/7.8 (0.2-43.4) 
1/5.1 (0.1-28.4) 


40/5.5 (4.0-7.5) 
37/3.7 (2.6-5.0) 
77/4.4 (3.5-5.5) 


Disease of the musculoskeletal system and connective tissue 


Men 

Women 

Total 


3/8.5 (1 .7-24.9) 
3/4.9 (1 .0-14.2) 
6/6.1 (2.2-13.2) 


4/3.3 (0.9-8.6) 
9/4.1 (1.9-7.8) 
13/3.8 (2.0-6.4) 


4/1 .9 (0.5-4.8) 
13/2.5 (1.3-4.2) 
17/2.2 (1.3-3.6) 


2/1 .3 (0.2-4.6) 
1/0.6 (0-3.2) 
3/0.9 (0.1-2.2) 


Disease of the skin and subcutaneous tissue 


Men 

Women 

Total 


2/5.3 (0.6-19.0) 
2/2.3 (0-6.3) 


6/1.7 (0.6-3.7) 
7/1.5 (0.6-3.1) 
13/1.6 (0.8-2.7) 




51/1.0 (0.8-1.3) 
54/0.8 (0.6-1.1) 
105/0.9 (0.8-1.1) 


Certain conditions origination in the perinatal period 


Men 

Women 

Total 








56/0.9 (0.7-1 .2) 
59/0.8 (0.6-1.1) 
115/0.9 (0.7-1.0) 


Injury and poisoning 


Men 

Women 

Total 


14/18.1 (9.9-30.4) 
14/42.9 (23.5-72.0) 
28/26.0 (17.3-37.6) 


24/12.1 (7.8-18.1) 
20/21.3 (13.0-32.9) 
44/15.3 (11.1-20.6) 


6/2.0 (0.8-4.5) 
4/2.1 (0.6-5.3) 
10/2.1 (1.0-3.8) 


17/2.7 (1.6-4.3) 
18/1 .4 (0.8-2.2) 
35/1.8 (1.3-2.5) 
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Table 3. ( 


Continued) 














Attendance benefits 
Obs./SIR (95% CI) 


Basic benefits 
Obs./SIR (95% CI) 


Disability pension 
Obs./SIR (95% CI) 


Medical rehabilitation benefits 
Obs./SIR (95% CI) 


Others 


Men 

Women 

Total 


2/0.9 (0.1-3.1) 
3/2.8 (0.6-8.3) 
5/1.5 (0.5-3.5) 3 


11/4.7 (2.3-8.4) 
9/4.7 (2.1-8.9) 
20/4.7 (2.8-7.3) b 


1/1.0 (0-3.6) 
6/5.0 (1.8-10.9) 
7/3.1 (1.3-6.4) c 


1/0.2 (0-1.3) 
10/2.1 (1.0-3.8) 
11/1.2 (0.6-2.2) d 


Abbreviations: CI = confidence interval; ICD-7 = International Classification of Diseases-7; obs. = observed; SIR = standardised incidence ratio. 

a This includes diseases of the circulatory system (n = 2), diseases of the respiratory system (n = 2), and symptoms, signs and ill-defined conditions (n=1). 

b This includes diseases of the circulatory system (n = 9), diseases of the respiratory system (n = 3), and symptoms, signs and ill-defined conditions (n = 8). 

'This includes diseases of the circulatory system (n = 2), diseases of the respiratory system (n = 2), and symptoms, signs and ill-defined conditions (n = 3). 

d This includes diseases of the blood and blood-forming organs (n = 6), diseases of the respiratory system (n = 1), and symptoms, signs and ill-defined conditions (n = 4). 



Following neoplasms, injury and poisoning (SIR: 15.3; 95% 
CI: 11.1-20.6) and diseases of the sense organs (SIR: 9.5; 95% 
CI: 5.9-14.3), with higher risk among females survivors, were the 
main causes for basic benefit uptake among the cancer survivors 
(Table 3). 

Disability pension. A total of 339 diagnoses (among the cancer 
survivors) were extracted from disability pension (47.7% males), 
where the overall SIR was approximately 5.6 times higher than 
expected (95% CI: 5.0-6.2). Female survivors showed higher risks 
of disability pension uptake than male survivors (Table 2). 
Survivors who were diagnosed in young ages (0-14 years), 
survivors of CNS tumours (SIR: 15.2; 95% CI: 12.9-17.8) as well 
as survivors with malignancies of the thyroid and other endocrine 
glands (SIR: 7.2; 95% CI: 4.9-10.3) had very high risks of late 
effects, which could cause permanent reduction in working 
capacity by at least 50%. 

Following neoplasms, the most frequent causes of disability 
pension uptake (Table 3) were endocrine, nutritional and 
metabolic, and immunity disorders (SIR: 10.6; 95% CI: 5.8-17.8) 
and diseases of the nervous system (SIR: 4.8; 95% CI: 3.2-7.0). 

Medical rehabilitation benefits. A total of 405 diagnoses (among 
the cancer survivors) were retrieved from medical rehabilitation 
benefits (48.5% males), where the overall SIR was 1.3 times higher 
than expected (95% CI: 1.1-1.4). A slightly higher rate among the 
male survivors was observed (SIR: 1.4; 95% CI: 1.2-1.6). The risk of 
late effects increased by year of birth. It was highest for those 
diagnosed during 1995-2004. Survivors of cervical cancer (SIR: 2.4; 
95% CI: 1.3-4.3) and malignancies of bone and connective tissue 
(SIR: 1.9; 95% CI: 1.3-2.7) had the highest risks of medical 
rehabilitation benefit uptake (Table 2). 

Following neoplasms, the most frequent causes for receiving 
medical rehabilitation benefits (Table 3) were diseases of the 
genitourinary system (SIR: 4.4; 95% CI: 3.5-5.5) and infectious and 
parasitic diseases (SIR: 3.1; 95% CI: 2.2-4.1). 



DISCUSSION 



This population -based study showed that 5 -year cancer survivors 
(diagnosed younger than 25 years of age) in Norway are at 
increased risk of developing severe late effects, morbidities, chronic 
illnesses or disabilities that qualify for social security eligibility and 
uptake compared with the cancer-free population. 

In Norway, all cancer treatment and follow-up is provided free 
of charge under the public health-care system. Thus, the medical 
costs are not directly related to active treatment but rather to 
consequences of cancer or late effects that are analysed here. 



Hence, high medical costs may be the basis for social security 
benefit uptakes. 

As mentioned earlier, diseases that qualify for uptake of social 
security benefits must be of a certain severity or economic burden. 
However, survivors can be affected by symptoms such as fatigue or 
pain without, thereby, qualifying for the uptake of social security 
benefit (Thorsen et al, 2011). The uptake of disability pension and 
medical rehabilitation benefits can mark not only a reduced 
working capacity, but also the financial impact of the disease on the 
person's financial situation. Attendance benefits and basic benefits 
are financial compensation that reflects the economic costs among 
the recipients of the social security benefits. We were not able to 
give an overview of all late effects or describe the quality of life 
among the cancer survivors. However, since Norway has a public 
health system and NIS is available to all the residents in the 
country, it was possible to describe changes in working abilities and 
an overall need for financial support and consequently the uptake 
of social security benefits among survivors as an indication of 
severe late effects. 

Strengths and weaknesses. Among the strengths of this study are 
the cohort design and the use of population-based registries 
covering the entire population of Norway. We thus obtained 
reliable data with minimal loss to follow-up (0.2%). Reporting of 
cancer cases to the Cancer Registry of Norway (CRN) has been 
compulsory since the early 1950s, with a high degree of 
completeness and quality (Larsen et al, 2009). Access to diagnoses 
through NIS, which are the notified causes for social security 
benefit uptake, offers the unique opportunity of being able to study 
long-term consequences of cancer among survivors relative to the 
cancer-free population. Therefore, uptake of social security benefits 
may represent a reliable source for describing the impact of severe 
or debilitating late effects among cancer survivors in Norway. This 
is a population-based study where the whole cancer-free popula- 
tion was used as the comparison group and therefore selection bias 
is unlikely. Diagnoses at NIS are recorded independently from the 
CRN; thus, recall bias or reporting bias is implausible. When 
accounting for the underlying rate of disability and chronic 
illnesses in the cancer-free population, we are less likely to 
overestimate the burden associated with cancer. All individuals 
in Norway receive a unique 11 -digit personal identification 
number at birth (or at immigration). This identification number 
makes it possible to follow-up the population, and to identify the 
cancer survivors' subsequent health problems that qualify for social 
security benefit uptake. 

The main weakness of this study was the lack of information on 
cancer treatment (chemotherapy, radiation therapy and/or surgical 
procedures) at the individual level. The treatment protocols 
have changed significantly during our study period (Gustafsson 
et al 2000; Stensheim et al 2011); however, we do not have access 
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to the treatment regimens undergone by each cancer patient. The 
data from NIS were registered from 1992 and were available 
to us only for the period up to 2006 (2002-2007 for medical 
rehabilitation benefits), and hence, we were unable to identify all 
benefits and the underlying diagnoses that occurred and were 
terminated before 1992. It is thus likely that the estimates 
presented here are somewhat lower than what they might have 
been if earlier benefits' information had been available. It is further 
likely that cancer survivors have other or additional problems that 
do not qualify for benefit uptake (Thorsen et al, 2011). 
Consequently, only 'disabling' or high-cost late effects reflected 
in the social security benefit uptake were measured in this study. 
More subjective late effects without such severe symptoms are thus 
likely underestimated. 

Comparisons with the literature. In line with previous research, 
we found an increased risk of social security uptake due to various 
late effects among the cancer survivors compared with the 
observed risks in the cancer-free population (Haddy et al, 2001; 
Geenen et al, 2007; Hjern et al, 2007; Turner et al, 2009). 

A Swedish study showed that survivors of CNS tumours had the 
highest risk of receiving economic social support (Hjern et al, 
2007). In our study, this group of survivors had the second highest 
risk of any social security benefit uptake combined. However, 
survivors of CNS tumours had the highest risk of disability pension 
uptake compared with the cancer-free population, which indicates 
the significant consequences of this type of cancer among the 
survivors. The Norwegian study by Johannesen et al (2007), of 
cancer survivors diagnosed before 15 years of age and during the 
years 1970-1997, showed that uptake of any social security benefit 
was more frequent among survivors of CNS tumours compared 
with survivors of the malignancies of the Haematopoietic system, 
and this was in line with our findings. Another Norwegian study by 
Thorsen et al (2011), which was based on collected data from 
questionnaires, indicated an increased need for rehabilitation 
services due to cancer. They reported that 40% of the cancer 
survivors were not offered rehabilitation services suitable to their 
needs. When proper rehabilitation services are not provided, the 
risk of permanent disabilities may increase and hence increase 
the risk for uptake of any social security benefits. 

A study by Mulrooney et al (2008), based on the Childhood 
Cancer Survivor Study (CCSS), included 5 -year survivors diag- 
nosed under the age of 21 years and during the years 1970-1986. 
They reported late outcomes among survivors graded with the 
National Cancer Institute Common Terminology Criteria for 
Adverse Events, where grades 3 and 4 are categorised as severe and 
life-threatening conditions, and compared the prevalence of each 
chronic condition among AML survivors with either siblings or 
non-AML CCSS survivors. In their study, 27.9% of the non-AML 
survivors had a serious health problem (grades 3 or 4) compared 
with 5.8% of the siblings and 16.5% of the AML survivors. 
Similarly, a study by Oeffmger et al (2006), also based on the CCSS, 
reported 27.5% severe or life-threatening conditions (grades 3 or 4) 
among the cancer survivors. Similar to the results reported by 
Mulrooney et al (2008), 30.5% of the survivors in our study 
with similar age and year of primary cancer diagnosis, excluding 
the AML survivors, were recipients of social security benefits. In 
comparison to the results reported by Oeffmger et al (2006), 31.2% 
of the survivors in our study were recipients of social security 
benefits. 

Patterson et al (2012) studied endocrine health problems among 
young adult survivors of non- central nervous system childhood 
cancer during 2001-2005. Their study, which was based on a 
review of medical records, showed that the most common late 
effects after paediatric cancer therapy were endocrine and 
neuropsychological, whereas in our study, after neoplasms, the 
diagnostic groups associated with the various uptake rates varied 



by the type of social security benefits granted. Among those 
receiving attendance and basic benefits, injuries and poisoning and 
diseases of the sense organs were most common. Similarly, among 
those receiving disability pensions, endocrine diseases and diseases 
of the nervous system were most common, while diseases of the 
genitourinary system and infectious and parasitic diseases were 
most common among those receiving medical rehabilitation 
benefits. 

A Dutch study reported an increased risk of cardiac dysfunction 
in childhood cancer survivors (Sieswerda et al, 2012). However, in 
our study, diseases of the circulatory system were not among the 
most notified causes for receiving social security benefits. A study 
on ocular late effects in childhood and adolescent cancer survivors 
has shown an increased risk of cataracts, glaucoma, legal blindness, 
double vision and dry eyes when compared with siblings (Whelan 
et al, 2010). This is in line with our findings, where diseases of the 
sense organs were frequently reported, excluding diagnoses from 
medical rehabilitation benefits. 

The wide range of SIRs reported from different studies may be 
caused by the differences in types of studies (population-based, 
clinical-based or questionnaire), ages at diagnosis (the upper- 
limit), follow-up time, completeness and criteria for inclusion of 
childhood cancer form and/or treatment regimens. Many studies 
on late effects and diseases focus on treatment as one of the main 
factors. Inability to adjust for this factor in our analysis may 
explain some of the differences between our results and results 
from other studies (Bowers et al, 2005; Cardous-Ubbink et al, 2007; 
Boiling et al, 2008; Doi et al, 2009; Turner et al, 2009). 

The uptake of social security benefit, which is studied here as a 
surrogate marker of late effects, is likely to be welfare-state-specific 
to some extent. In addition, country- specific labour market 
situations may influence the degree to which inclusion in working 
life is enabled. 

Several studies focus on long-term consequences after a specific 
form of cancer or only one or very few late effects (Atkinson et al, 
1998; Anderson, 2003; Bowers et al, 2005; Armstrong et al, 2009; 
Boman et al, 2009; Breslow et al, 2010; Ness et al, 2010). As we 
have access to the uptake rates of several different social security 
benefits reflecting various aspects of individuals' health and well- 
being, we were able to give an overview of many possible severe 
long-term consequences after cancer even though the total number 
of late effects was rather small. 

The risk of disability pension uptake among cancer survivors 
was high, indicating a significant reduction in survivors' working 
capacity compared with the cancer-free population and perhaps 
pointing to areas where policy interventions may be relevant. 
Results of this study, which is based on the uptake of social security 
benefits, are similar to those reported from Oeffmger et al (2006) 
and Mulrooney et al (2008). The uptake of social security benefits 
might thus be a good indication of severe health problems. 
Increased risk of receiving social security benefits due to neoplasms 
shows the high impact of cancer diseases on survivors' general 
health and long-term working ability. It also shows the importance 
of lifelong screening for late effects among cancer survivors. This 
may reduce the incidence of chronic diseases and may also 
decrease treatment- related costs and health-care utilisation in 
general, as well as contribute to health awareness in this group 
(Klosky et al, 2012). 



CONCLUSION 



This study showed an increased risk of social security benefit 
uptake due to severe late effects among 5 -year cancer survivors 
(diagnosed at young ages) relative to the cancer-free population. 
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The results from this study, as well as other studies on this topic, 
show that continued follow-up over a prolonged period of time is 
necessary for early detection and intervention to reduce adverse 
health effects associated with health problems related to cancer and 
its treatment. Complementary care needs with cost containment is 
of outmost importance as the burden of long-term consequences of 
cancer in terms of incidence and prevalence continues to grow. 
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